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FAR INFRA-RED F4RADAY ROTATION MEASUREMENT ON A REVERSED-FIELO-PINCHPLASMA

M. D. Bauman and F. C. Jahoda
P. O. BOX 1663

Loo Alamos National Laboratory
Los Alamos, New Mexieo 87545

The integral j n B ●di 1s measured on the Loa Alamoe rever6ed field pinch plasua
(ZT-40) by the ro~atf’onof the llnear polarization of the 185 w emleuion of a CO -pumped
CH2F2 laser. fThe essence of the method is to monitor phase diatortiona of’the regu ●r beat
frequency produoed when two counter-rotatingcircular pol.arizationa,frequenoy shifted with
respect to eaoh other and sent along a fiommonoff-center ohord through the plasma, ●re
detected behind a linear polarization analyzer. Rotationa ●re measurable to the order of
0.01 cycles. The same frequency shifted beams have been used with linetr polarlzationa in
a heterodyne interferometerconfiguration to give $ ma dt with high aenalclvity. Work la
in prvgreea to make both measurements aimultaneoualy.

The poloidal magnetic field in ZT-40 (a toroidal reversed-field-pinch controlled
fusion experiment) is being ❑easured by Faraday rotation of the 184.6 urnemission of ● C02
pumped CH2F2 laser. The essence of this method, whioh 1s independent of spurious lntenalty
modulations, is to monitor’the phase distortions of a regular beat freqpenoy. This beating
is produced when two opposite-circularly polarized components, frequency shifted with
respect to each other and both passed through a magnetized plaema, ●re transmitted through

~n~i~~~~.~O1arization
●nalyzer. The same concept bas been independently denoribod by Dodel

An Apollo ❑odel 118 FIR laser 1s being ueed ●a the radiation aourae. This lassr has
been modified with ● photoacoustia oell feedback loop to oontrol the CO pump laser tuning.
The gas handling system for the FIq laaer hag been ohanged to ● atatl~ fill system with ●

oryogenic recovery ur,itfor oonaervation of
‘he cH~F$f f!t”mU.The la’er ‘Utput ●t ‘he1B4.6 um wavelength with 24 W pump pcwer 18 in exoea

Benin conditioning in the doubly-shielded lacer screen room produoez oo-linear
orthogonal polarizations frequency shifted with respeot to ●ach other ●ny chosen ●ount up
to 1 MHZ. This iM schieved by beam eplltting with ● wire grid polarizer, reflecting one
beam off ● rotating grating, and recombining the beams with the same polarizer.

The maximum frequency offset is ●chieved when the 17-om radius aluminum disk, which
h~s the gratlnu n.~chinedon ita rim ●nd is positioned so that the inoident and reflaot@d
wave-guided boarn~bcth obey the Bragg oonditlon mnd etriks tt.e wheel horizontally well
below the horizontal.diameter, in spun ●t 100 rpa. Thie set-up 18 pioturod in Fig. 2. A
properly oriented quarter-wave plste oonverta thm orthogonal linear polarization to
orthogonal circular polarizhtiona. A rotatable half wave plate prior to ths beam splitter
i8 used to eauallze t!laintensities fn both oGmDonent# ●fter baam reoombinatlon, The beam
conditioning-la shown mohematloally in Fig. 3. -

The beams ●re next pasaod through - 17 motera of 2.5 om 1
including nix 90° oornera to th~ plasmn devioa.

The radiation in deteoted ●fter pamsing through the plamma
oooled epitaxial ClaAe Iay@r dat-otor. Thin 18 ●hewn uohomat,
abaenoe of plurnma tha oountar-rot.sting oiroular polarization

d. dlelontrio waveguide

d~vioe by ● Iiq:;d;;:
oally in Fig, 4.
of differing frequenoy

produoe a uniformly rc)tatlng linear- polarization that 10 oonvertod to ● Dinuaoidsl
intensity ❑ovulation by a linear polariz~tion analyzer in front of the deteotor. In the
prasenoe of’a magnetized plaama, tha phaee v@looity of on. oiroular polarization is spoedod
up ●nd tho other in ●lowod down giving riao to a distortion Of the paviodiolty, The output
signal, thoroforo, la llnslogouoto the signal from a h~torodyne lnturforomoter,with the
same ●dvantages of lna.naitivityto Intenalty variatlonm, phaso ru@olution independent of
Irratantanooua phaa~ ●ntle, ●nd timo resolution oomparsbla to the het~rodyno frequsnoy.

Th, meamurad antular rotation in radiana ia ●qual
lseer wavelength (em), n the plasma ●leotron donaity (am ‘~], El the magnttlo fi@ld (gaua.),

o 2.63x10-’7 A2 /nB*dl with h t!m

●nd dt t.ht Gifferontial path tlomont ●long tho lhacr bomm (am). Computerized data
aoqulaition with ● 10-bit tranaient wav~form di~itizer ●nablos u- to raad phamo diatortionm
to ●bout 0.01 oyule ●oouraoy, by oomparing th. waveform durint th;n:~;:ma dimoharge with
the wav~form obtalntd ●xaotly one revolution later of tha grating On. ayolg of
intonmity modulation oquala w radlana. The data cnalysia dotorm~n@~ th* wav,form frequency
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●s weil as phaae ahlft ●nd the wheel irmrtia between consecutive rotations rendera the
analysis for plasma rotation angle independent of’long term wheel fretauencydrlfta.

, .“

Figura 5 shows typical data over the flrat two milliseconds of a 200 kA toroidal
current discharge for Faraday rotation along a minor cross-section chord offset by 12.5 cm
“impaot parameter” from the geometrical oenter. Th? wavy ‘base-linen la a comparable
analyaia for a ‘no pla~man discharge--i.e., na x O and the driving aapacitor bank
discharging into the metallic liner vacuum ohamber. It indicaten that the flrat negative
spike is due to a very large signal amplitude disturbance (electromagneticDisk-up) that la
●lso readily seen in the raw data intennlty modulation, whereas the remaining wiggles are
well below the 0.01 cycle claimed accuracy. The decreasing plasma signal trend la known to
be due,to ● density deoay, whereaa the Tluctuatlona are ● oombtnation of density and field
turbulence.

By removing the quarter wave plate ● heterodyne interTet*ameterworking with frequency
akifted orthogonal linaar polarizations was aet up in the configuration show,?
in Fig. 6. In this case a phase shift of 1 cyole reaulta for / no dt = 1 2x10?gh~gS~ioally
larger phaae

. The
shift enables the signal to be followed for the entire 6 ms duration

,

di:~charge. DetaiLed agreement with a multi-chord CO laaer heteroe>”neinterferometer
$f the

2
for

tho firat two ❑illieeconda IS excellent. After t at time the la;ter geto into vibration
problems, illustrating the well-known fact that longer wavelengths help not only due to
lamer cloctron refractivity but alao by lowered vibration aenaitivity, since a given
meofianioalmotion is ● oorruapondingly amallor fraotion of a full wavelength ”modulatio~.

Work is ourrer,tlyproceeding on a) aimultaneoua polarimetry and lnterferometry and
expansion to a multi-chord system in order to oonvert line integrala to localized values
inversion techniquakl.
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